control group treated with the vehicle without active ingredients was enrolled. To evaluate the efficacy of the NSC, investigator's assessments were represented by scoring index (SI) and investigator's global assessment score (IGA). In order to assess NSC anti-fungal and anti-microbial effects, skin scale scrapings were collected and used for Malassezia furfur (MF) and Staphylococcus epidermidis (SE) cultures. In parallel, in order to assess NSC anti-inflammatory effects, gene expression of IL-1a, IL-1b, IL-6, IL-8, and TNF-a was assessed. In addition, anti-pruritus effects were also evaluated through gene expression of cathepsin S and L-histidine decarboxylase. Results: SI mean scores significantly decreased at W1 and, to a greater extent, at W2 compared with W0. The IGA score registered an important improvement efficacy both for face and chest, from W1 to W2. MF and SE growth was already inhibited at W1, with a more pronounced decrease at W2. Gene expression of all analyzed mediators was significantly reduced at W1 compared to W0. Conclusion: In conclusion, our assessment is that NSC is an effective and well tolerated treatment option for SD with anti-fungal, antimicrobial and anti-inflammatory properties. Trial Registration: ISRCTN registry, ISRCTN77 871064 (retrospectively registered October 17, 2019) . EudraCT number, 2019-003813-32. Funding: ISDIN.
INTRODUCTION
Seborrheic dermatitis (SD) is a common inflammatory skin disease affecting 1-3% of otherwise healthy individuals [1] . Men are affected more frequently than women (3.0% vs 2.6%) in all age groups, suggesting that SD may be associated with sex hormones such as androgens. Skin regions rich in sebaceous glands are commonly affected. SD often presents as pink to red greasy-looking skin with yellowish scales in seborrheic areas such as the nasolabial folds, upper lip, eyelids and eyebrows, scalp, retro-auricular areas and the upper chest [2] [3] [4] . Despite the high prevalence, the pathogenesis of SD is not well understood.
However, studies have identified several factors, including fungal colonization, sebaceous gland activity, as well as individual susceptibility. Numerous pieces of evidence suggest a pathogenic role for yeasts of Malassezia in SD [5, 6] . Malassezia are lipophilic yeasts found mainly on seborrheic regions of the body. Studies have detected Malassezia on the scalp of dandruff patients, and higher numbers of Malassezia correlate with SD appearance/severity [7, 8] . Furthermore, Malassezia were shown to have lipase activity, which hydrolyzes human sebum triglycerides and releases unsaturated fatty acids such as oleic and arachidonic acid [9, 10] . These metabolites cause aberrant keratinocyte differentiation, resulting in stratum corneum abnormalities such as parakeratosis, intracellular lipid droplets, and irregular corneocyte envelopes [11] . Such changes lead to disrupted epidermal barrier function and trigger an inflammatory response, with or without visible local inflammation. In addition, these metabolites induce keratinocytes to produce pro-inflammatory cytokines such as interleukin (IL)-1a, IL-6, IL-8 and tumor necrosis factor (TNF)-a, thus prolonging the inflammatory response [1, 12] . Moreover, a recent study by Tanaka et al. showed a predominance of Staphylococcus on SD lesional sites. The authors suggest that, in addition to Malassezia, these commensal bacteria might contribute to SD development [13] . The therapeutic approach should be selected according to SD severity and the patient's immune status and compliance. For mild to moderate facial and chest SD, topical drugs play a key role in the management by reducing erythema and scale production. A variety of treatments including topical corticosteroids, antifungal agents, calcineurin inhibitors and, more recently, non-steroidal creams, are available [14] . To date, it is available a novel nonsteroidal cream (NSC) containing different ingredients, which have been reported to exert effects in SD treatment [14] . In particular, this cosmeceutical is composed of: (1) piroctone olamine, that has an anti-fungal property [15] [16] [17] ; (2) zinc salt of L-pyrrolidone carboxylate (PCA), that has anti-fungal and anti-inflammatory properties [18] [19] [20] ;
(3) hydroxyphenyl propamidobenzoic acid, that has anti-irritant and anti-itch properties [14] ; (4) biosaccharide gum-2, that has anti-inflammatory and antifungal properties (patent pending 2019, WO2019020822) and soothing active properties [21] ; and (5) stearyl glycyrrhetinate that has anti-inflammatory, antioxidant, and skin-soothing properties [22] .The aim of this study was to evaluate shortterm anti-fungal, anti-microbial, anti-inflammatory and anti-pruritus properties of this NSC in patients with face and chest SD.
METHODS

Study Population
The overall study population included 12 male SD subjects presenting face and chest manifestations. SD patients were recruited from the Dermatology Unit of the University of Naples Federico II, Italy. The inclusion and exclusion criteria of SD patients are summarized in Table 1 .
Compliance with Ethics Guidelines
The experimental protocol was approved the March14, 2018 by the Ethics Committee for Biomedical Activities ''Carlo Romano'' of University of Naples Federico II and conformed to the principles outlined in the Declaration of Helsinki of 1964, as revised in 2013, concerning human and animal rights. Each subject gave written informed consent before entering the study. The patient gave permission for his photograph to be published in the manuscript.
Study Design
This was an open-label, prospective and experimental research clinical trial. Patients were instructed to apply the non-steroidal cream commercialized as NUTRADEICA Ò ( Washout from prior medications higher than 3 weeks for systemics and 2 weeks for topical therapy (W1) and 14 (W2) days of treatment. In addition, patients were instructed to not apply the cream the morning of the scheduled follow-up visits (W1, W2). Patients were evaluated through questionnaires filled out by both investigators and patients themselves. In particular, investigator's assessments were represented by scoring index (SI) and investigator's global assessment score (IGA). The SI ranking system, recommended by Koca et al. [23] , was used at all visits (W0, W1 and W2). According to this system, erythema, scaling, itching and irritation of each area is ranked from 0 to 3 (non existence, 0; mild, 1; moderate, 2; severe, 3). The sum of these values is regarded as the SD rank: 0-4 (mild), 5-8 (moderate) and 9-12 (severe). IGA was performed at W1 and W2. According to this system, post-treatment rank was used to make a final evaluation of the recovery rate from 0 (no efficacy) to 10 (cured).
In particular, the response was defined as excellent from 8 to 10, good from 5 to 7, mild lower than 5 and no response or worsening as 0.
Regarding patients' assessments, they were represented by visual analog scales (VAS), patient global assessment (PGA), and subjective questionnaire for cosmetic and efficacy properties. VAS measurement was assessed at W0, W1 and W2. This score, ranging from 0 to 100 mm, was used to assess each of the following symptoms (erythema, scaling, itching, hot sensation, pain and irritation) both for face and chest. PGA was assessed at W1 and W2. According to this system post-treatment rank was used to make a final subjective evaluation of the recovery rate from 0 (no efficacy) to 10 (cured). In addition, patients performed the subjective questionnaire for cosmetic and efficacy properties of the product at W1 and W2 (answers: completely disagree, disagree, agree, completely agree) composed by the following questions: (Q1, The product is well absorbed; Q2, The product has a pleasant texture; Q3, My skin tolerates the product well; Q4, The product acts quickly after being applied on my skin; Q5, The product applied is effective). Beyond characterizing patients from a clinical point of view in order to assess the efficacy of the product, patients underwent additional procedures to evaluate anti-fungal, anti-microbial and anti-inflammatory effects.
In order to assess NSC anti-fungal and antimicrobial effects, skin scale scrapings (50-100 mg) from the face (wings of the nose) and from the chest were collected at W0, W1 and W2 to be used for Malassezia furfur (MF) and Staphylococcus epidermidis (SE) colony-forming units. In parallel, in order to assess NSC antiinflammatory effects, each recruited patient was biopsied (2 mm diameter) in the same area on the chest at W0 and W1 for gene expression analysis.
Malassezia furfur Colony-Forming Units
Skin scales (50-100 mg weight) were scraped from the face as well as the chest and cultured into Malassezia agar plates (Dixon's, 14.0193 V) at 36°C in the dark for 7 days in order to assess the MF growth. Affected sites were cleaned with 70% ethyl or isopropyl alcohol before removing skin scales.
Cultured samples were examined every 2 days for growth. Indeed, MF at 36°C after 48 h of incubation initially presented smooth, creamy colonies, from yellow to brownish, which over time took on a rough appearance. MF colonies were counted and reported as total colony-forming units per dish (cfu/dish).
Staphylococcus epidermidis Colony-Forming Units
Skin scales (50-100 mg weight) were scraped from face as well as chest and cultured on Chapman-Mannitol salt agar plates (Scharlau, 064-PR0015) at 37°C for 48 h in order to assess SE growth. This culture medium is specific for the isolation and enumeration of staphylococci. The selectivity of this medium is based on the presence of sodium chloride which inhibits the growth of most Gram (?) and Gram (-) bacteria. Differentiation of staphylococci is based on their capacity to ferment mannitol. Fermentation of mannitol induces acidification, which turns the medium yellow in the presence of phenol red (pH indicator). Strains of SE form small colonies which, in the majority of cases, grow without modifying the color of the medium. SE colonies were counted and reported as total colony-forming units per dish (cfu/dish).
Gene Expression Analysis
RNA was extracted from skin biopsies performed at W0 and W1 (RNeasy Mini Protocol Qiagen, Valencia, CA) and cDNA was prepared (Transcriptor High Fidelity cDNA Synthesis, Roche, Indianapolis, IN) according to the manufacturer's instructions.
qRT-PCR (LightCycler, Roche) was used to analyze the levels of expression of 18S (housekeeping gene) as well as all selected mediators (reported below). The PCR protocol and product quantification for all analyzed genes were performed as previously reported [24] . PCR primers for the selected genes were designed based on published sequences, and their specificity was verified with a BLAST alignment search. A melting curve analysis was carried out after completion to confirm the presence of a single amplified species. The amount of mRNA for a given gene in each sample was normalized to the amount of mRNA of 18S reference gene in the same sample. Fold induction of gene expression was calculated using the DDCT method as described previously [25] . The analyzed genes were divided according to their function as follows, for anti-inflammatory effects: IL-1a, IL-1b, IL-6, IL-8, and TNF-a; for anti-microbial effects: HBD2 and HBD3, and for anti-pruritus effects: cathepsin S (CTS) and L-histidine decarboxylase (HDC).
Statistical Analysis
Statistical analyses were performed using GraphPad Prism 6.0 (GraphPad Software Inc., La Jolla, CA, USA). Data were analyzed with Wilcoxon matched-pairs tests to calculate statistical differences. Values of p \ 0.05 were considered significant. Data are expressed as the mean ± SD.
RESULTS
Clinical Effectiveness
Enrolled patients were affected by moderate to severe SD, since mean rank calculated according to Koca et al. [23] , was 8.3. Face: SI mean scores of erythema, itch, scaling, and irritation significantly decreased at W1 and, to a greater extent, at W2 of the NSC treatment, compared with the baseline (W0) (Fig. 1a ). In line with these results, mean VAS of all evaluated symptoms by patients (itch, erythema, scaling, irritation, pain, and hot sensation) also showed significant reduction at W1 and W2 (Fig. 1b) . In particular, itch, erythema, scaling, and hot sensation showed a more pronounced decrease at W2 (p \ 0.001). Chest: SI mean scores of erythema, itch, scaling, and irritation significantly decreased at W1 and, to a greater extent, at W2 of the NSC treatment, compared with W0 ( Fig. 1d ). In line with these results, mean VAS of all evaluated symptoms by patients (itch, erythema, scaling, irritation, pain, and hot sensation) also showed significant reduction at W1 and W2 (Fig. 1f ). In particular, itch, erythema, scaling, and irritation showed a more pronounced decrease at W2 (p \ 0.001). The IGA score registered an important improvement efficacy both for face and chest, from W1 to W2 (p \ 0.001) ( Fig. 2a ). In addition, the PGA score showed a significant improvement from W1 to W2 (p \ 0.001) ( Fig. 2b) .
Clinical improvements were also evident in a clear manner from representative clinical images after 7 days (W1) of topical application of NSC on the face as well as on the trunk (Fig. 2c,  d) . Overall, no signs of local side effects were documented during the study and cosmetic tolerability and acceptability was rated as excellent by all patients, since most of the answers to the queries were 'agree' and 'completely agree,' as shown in Table 2 .
Antifungal and Antimicrobial Effects
For the face, significant reduction of MF as well as SE cfu counts at W1 and W2 was observed ( Fig. 3a, b) . In particular, NSC treatment was able to strongly decrease MF growth at W1 (18 ± 9 cfu, p \ 0.001) with respect to W0 (250 ± 12 cfu), registering a reduction of 92.8%, with a greater inhibition at W2 (5 ± 3 cfu, p \ 0.001), registering a reduction of 98%. A similar but less pronounced trend to decrease was also seen for SE growth at W1 (1350 ± 45 cfu) with respect to W0 (1600 ± 60 cfu), registering a reduction of 15.6%, with a greater inhibition at W2 (400 ± 32 cfu, p \ 0.01), registering a reduction of 75%. For the chest, significant reduction of MF as well as SE cfu counts at W1 and W2 was observed. In particular, NSC treatment was able to strongly decrease MF growth at W1 (60 ± 13 cfu, p \ 0.01) with respect to W0 (380 ± 23 cfu), registering a reduction of 84%, with an almost complete inhibition at W2 (4 ± 1.5 cfu, p \ 0.001), registering a reduction of 99%. Similarly, SE growth was significantly reduced at W1 (65 ± 7 cfu, p \ 0.001) with respect to W0 (830 ± 16 cfu), registering a reduction of 92%, with an almost complete inhibition at W2 (6 ± 3 cfu, p \ 0.001), registering a reduction of 99%. Representative pictures of MF as well as SE cultures are displayed in Fig. 3 . 
Gene Expression Effects
Gene expression of all inflammatory mediators analyzed (IL-1a, IL-1b, IL-6, IL-8, TNF-a) was significantly reduced after 7 days of treatment (W1) compared to W0 (Fig. 4a ). Gene expression of antimicrobial peptides (HBD2 and HBD3) was significantly decreased at W1 compared to W0 (Fig. 4b ). Gene expression of pruritus mediators (CTS, HDC) was significantly decreased at W1 compared with W0 ( Fig. 4c) . 
The product is well absorbed? 0 0 0 0 50 0 50 100
The product has a pleasant texture? 0 0 0 0 62.5 0 37.5 100
My skin tolerates the product well? 0 0 0 0 50 25 50 75
The product acts quickly after being applied on my skin? 0 0 12.5 0 75 50 12.5 50
The product applied is effective? 12.5 0 0 0 75 25 12.5 75
DISCUSSION
This study highlights the excellent clinical short-term efficacy of this NSC treatment in SD patients. Indeed, we report an improvement in signs and symptoms after just 1 week. All evaluated clinical parameters showed a progressive and significant decrease, thus obtaining great approval by the overall study population. Our findings are in line with a recent study that reported NSC clinical efficacy up to 8 weeks, with a significant reduction of erythema, pruritus and desquamation. In particular, they observed a 90% reduction of VAS pruritus in the facial area, reporting 0.67 ± 1.05 cm after 2 weeks of NSC, with respect to 6.9 ± 1.68 cm at baseline [26] . Here, we observed an 85% reduction of VAS pruritus in the facial area, reporting 1.5 ± 0.70 cm after 2 weeks of NSC treatment with respect to 9.6 ± 0.14 cm at baseline. Moreover, we have provided the NSC effectiveness in term of VAS pruritus taking into account the chest area, too. Our data have shown a reduction of almost 70% with 6.7 ± 0.35 cm at W0 and 2.2 ± 0.35 cm at W2. Moreover, an important improvement efficacy for both face and chest in terms of IGA score was reported for all patients reaching a mild response at W1 (mean IGA score: 4.75 for face and 3.75 for chest) and excellent response at W2 (mean IGA score: 9.4 for face and 8.1 for chest). All these data are supported by Micali et al. In fact, they have previously evaluated IGA score after 8 weeks of NSC treatment, reporting good and excellent responses in 29.5% and 53% of patients, respectively [26] . Beyond the clinical efficacy, here we have also deepened the antifungal property in vivo, based on previous evidence in which this characteristic of NSC had already been tested in an ex vivo model [27] . Indeed, it was reported that at 24 h after application, NSC reduced the number of MF colonies by 92% compared to non-treated control skin.
In line with these results [27] , we have reported that NSC treatment on the face was able to decrease the number of MF colonies by 92.8% already after 1 week compared to W0, and a greater inhibition at W2, with the number of MF colonies reduced by 98%, whereas the reduction registered for the chest area was 84% and 99%, at W1 and W2, respectively. Afterwards, we tested NSC effects on SE. Recent evidence suggested that a high colonization with SE, along with higher skin permeability barrier function, contributes to the occurrence of SD [28] . Here, we report that NSC treatment at W2 was able to decrease the number of SE colonies on the face by 75% compared to W0. An et al. [29] have demonstrated that fusidic acid treatment, applied for 2 weeks on the face, was able to decrease the number of SE colonies from 331 to 18, achieving 95% compared to W0, whereas moisturizers increased the number of SE colonies compared to W0. It is worth mentioning that the decrease of SE colonies on the face (15.6% W1, 75% W2) was less pronounced than on the chest (92% W1, 99% W2). This difference might be due to higher colonization at baseline of SE on the face, since we have found approximately double the number of SE colonies on the face (1600 ± 60 cfu) with respect to the chest (830 ± 16 cfu). This preferential colonization is supported by Kloos et al. [30] who reported a predominant as well as persistent SE localization on different body areas, excluding the chest. Apart from investigating anti-fungal as well as anti-microbial effects of NSC treatment, we explored its impact on inflammation in SD. NSC was able to decrease gene expression of the main mediators of inflammation (IL-1a, IL-1b, IL-6, IL-8, TNF-a). This property could be related to lowering both fungal and microbial load. Our results fitted with the previously tested SD ex vivo model in which IL-8 and TNF-a were decreased by NSC [27] . Pruritus was another feature addressed in this study. Here we showed that cathepsin S and CTS gene expression was strongly decreased by NSC treatment at W1, providing scientific rationale for the amelioration of pruritus sensation, which was confirmed by the patients' perception. Turlier et al. [31] have demonstrated that cathepsin S levels were decreased after 2 weeks of treatment with a shampoo in SD patients. The mechanism of action of this fragrance-free product may be related to multiple synergy of the main ingredients, that include: (1) piroctone olamine with anti-fungal and anti-microbial properties [32] , (2) biosaccharide gum-2, an anti-inflammatory and soothing active ingredient protecting skin against external aggressions, that lead to dehydration [33] with recently demonstrated antifungal properties (patent pending WO2019020822), (3) stearyl glycyrrhetinate, a salt and ester of glycyrrhetinic acid that exhibits anti-inflammatory, soothing and anti-pruritic effects [34] , and (4) zinc PCA which combines anti-inflammatory properties with anti-seborrheic efficacy [18] . We are aware that our study has some limitations: it was an open study from a single center, the number of patients was limited, and there was no control group treated with the vehicle without active ingredients. Moreover, only short-term use was evaluated. In conclusion, our assessment is that NSC is an effective and well tolerated treatment option for SD with anti-fungal, anti-microbial and anti-inflammatory properties.
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